Background: Controversy continues concerning the choice of rhythm control vs rate control treatment strategies for atrial fibrillation (AF). A recent clinical trial showed no difference in 5-year mortality between the 2 treatments. We aimed to determine whether the 2 strategies have similar effectiveness when applied to a general population of patients with AF with longer follow-up.
effect of rhythm vs rate control drugs changed over time: after a small increase in mortality for patients treated with rhythm control in the 6 months following treatment initiation (hazard ratio [HR], 1.07; 95% CI, 1.01-1.14), the mortality was similar between the 2 groups until year 4 but decreased steadily in the rhythm control group after year 5 (HR, 0.89; 95% CI, 0.81-0.96; and HR, 0.77; 95% CI, 0.62-0.95, after 5 and 8 years, respectively).
Conclusions:
In this population-based sample of patients with AF, we found little difference in mortality within 4 years of treatment initiation between patients with AF initiating rhythm control therapy vs those initiating rate control therapy. However, rhythm control therapy seems to be superior in the long-term.
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Published online June 4, 2012 June 4, . doi:10.1001 June 4, /archinternmed.2012 June 4, .2266 A TRIAL FIBRILLATION (AF) affects approximately 250 000 Canadians 1 and 2.3 million Americans, a number that will more than double by the year 2050 owing to the aging population. 2 Atrial fibrillation is associated with substantial morbidity and mortality [1] [2] [3] [4] [5] [6] [7] [8] [9] and has a complex therapy that involves rate control agents, antiarrhythmic drugs, anticoagulant drugs, and/or ablative techniques. 5, [10] [11] [12] [13] Until the publication of the landmark Atrial Fibrillation Follow-up Investigation of Rhythm Management (AFFIRM) trial in 2002, 14 rhythm control (converting patients with AF to normal sinus rhythm) was generally considered superior to rate control. 14 Since then, clinical practice guidelines consider either strategy suitable, 11, 13 although some physicians still prefer the rhythm control strategy. 5 Whereas it was also hypothesized that rhythm control therapy might still be superior to rate control therapy in patients with congestive heart failure (CHF), the AF-CHF trial failed to support this hypothesis (hazard ratio [HR] , 0.97; 95% CI, 0.80-1.17 for all-cause mortality). 15 The controversy continues, with some clinicians questioning the generalizability of the AFFIRM trial results to the general population. 5, 16, 17 Our main objective was to compare the effectiveness of rhythm vs rate control drug treatment strategies to decrease mortality in a population-based setting with long-term follow-up.
METHODS

DATA SOURCES
The province of Quebec, Canada, provides universal access to health care and prescription drugs for persons 65 years or older. Databases include the hospital discharge database (Med-Echo) and the physician and prescription claims databases of the Régie de l'Assurance Maladie du Québec (RAMQ). Complete RAMQ and Med-Echo records were obtained from January 1, 1999, through March 31, 2007 , for all patients 65 years or older who had a Med-Echo hospitalization record with a primary or secondary AF diagnosis (see eTable1 for diagnostic codes; http://www.archinternmed.com). Mortality data were available until December 31, 2007 . The databases were linked at the individual level using encrypted identifiers.
STUDY DESIGN
This study used a retrospective population-based cohort design. Patients entered the cohort at their first AF hospitalization after January 1, 1999 (index AF hospitalization), and were followed until death or end of database follow-up.
STUDY POPULATION
The study included all Quebec residents 66 years or older newly diagnosed as having AF during a hospitalization from January 1, 1999, to March 31, 2007 . All patients (57 864) were discharged alive in the community and initiated treatment with rhythm or rate control drugs within 7 days after discharge. The time window for the first prescription was selected to capture most patients with a prescription while minimizing the potential for survival bias. 18 To ensure that all patients included were newly diagnosed as having AF, we excluded 20 094 patients with medical records indicating prevalent AF (eg, rhythm control drug treatment, rate control drug treatment with an outpatient AF diagnosis, warfarin medication not associated with valvular disease, or pacemaker or implantable cardioverterdefibrillator implant in the previous year) (Figure 1) . After additional study exclusions (Figure 1 ), the final study population included 26 130 patients.
MEASUREMENTS
Initial treatment was determined based on the first AF prescription dispensed within 7 days after discharge. Rhythm and rate control drugs included are listed in eTable 2. Patients prescribed simultaneously rhythm and rate control drugs were classified as rhythm control users. 19 The outcome of the study was all-cause mortality. Potential confounders, selected a priori, included individual, physician-, hospital-, and community-level variables. An extended list of the potential confounders, along with measurement details, is provided in the eMethods 1.
STATISTICAL ANALYSIS
Our main analysis used a time-to-event method. Event time was defined as the time from the first postdischarge AF prescription to death. Patients who remained alive were censored at the end of follow-up. First, the unadjusted survival under the 2 treatments was compared with the Kaplan-Meier (KM) curves. Then, to adjust the KM curves for potential confounders inverse probability weights were used to estimate weighted KM curves in which the rhythm and rate control users had the same distributions for all covariates (curves are standardized to the characteristics of the combined study population). 20 Inferential analyses relied on proportional hazards Cox regression models, 21 from which we report adjusted HRs and 95% CIs. The main analysis attempted to replicate an intention-totreat analysis. Accordingly, treatment was modeled as a timefixed binary variable (ie, patients were assigned to their initial treatment throughout the follow-up, even if they later switched to the alternative treatment). To account for possible changes in the effect of initial treatment over time, we tested and modeled potential time-dependent effects of the initial treatment with a flexible, spline-based model, 22, 23 while adjusting for the propensity score (ie, the probability of initiating rhythm control treatment conditional on all observed covariates) (eMethods 2). 24 The proportionality of hazards assumption was rejected by the likelihood ratio test (PϽ.001), indicating that the relative effectiveness of the 2 initial treatments varied during the follow-up. 25 Thus, we reported time-varying HRs from analyses with time-fixed treatment.
To account for potential treatment changes during the follow-up we performed additional analyses in which we used timedependent treatment measures. Here the "current treatment" was categorized based on the most recent AF prescription and previous switches (eMethods 3). The main comparison of interest, adjusted for individual covariates, was between those treated continuously with the rhythm control drugs and those treated continuously with the rate control drugs.
Additional analyses included (1) a time trend to assess changes in AF prescription patterns after the publication of the AFFIRM trial; (2) multivariable Cox proportionality of hazards model censored at 5 years to enhance comparability with AFFIRM trial, 14 (3) testing the interaction between CHF history and treatment for comparison with the AF-CHF trial, 15 (4) bias analyses that assessed the robustness of our results to potential unobserved confounding (described in the eMethods 4), (5) Quebec residents aged ≥66 y prescribed an AF drug within 7 days of discharge from an AF hospitalization 57 864 Figure 1 . Derivation of the study population. For each patient, we identified first his or her first hospitalization for atrial fibrillation (AF) recorded in the Med-Echo database from January 1999 to March 2007. There were 3 main categories for exclusions: patients whose billings in the year before the index AF hospitalization indicated that the individual could have had prevalent AF, patients whose AF was believed to be transitory because it was induced by a reversible trigger, and patients for whom the validity of the AF diagnosis was questionable.
control drugs because the rate control drugs can be used for other indications, and (6) results from the full model with all covariates (eTable 3). The time trends in the period before and after the publication of the AFFIRM trial were estimated by Poisson models with the dependent variable defined as the proportion of patients, in a given trimester, whose initial AF treatment involved an antiarrhythmic drug. The Poisson models yield rate ratios (RR) for the linear effect of calendar trimester before and after the AFFIRM trial. A statistically significant result (P Յ .05) when testing the interaction between the calendar trimester and the binary indicator of the period before and after the publication of the AFFIRM trial indicates that the changes in the prescription patterns that occurred after March 2002 were not by chance. All analyses were performed using SAS statistical software (version 8.02; SAS Institute Inc), with the exception of the flexible spline-based model for timedependent effects performed using the R program.
RESULTS
TREATMENT
Of the 26 130 eligible patients, 6402 (24.5%) initiated rhythm control treatment. Cardiovascular specialists were more likely than internal medicine specialists and general practitioners (GPs) to prescribe rhythm control drugs (35.9% vs 23.2% vs 21.0%). A decrease in the use of rhythm control drugs was observed after the publication of AFFIRM 14 results (Figure 2A ) (PϽ.001 for trend). A similar change in the use of rhythm control drugs occurred for cardiovascular specialists and GPs ( Figure 2B ).
Atrial fibrillation drugs could be prescribed either alone or in combination. The first prescription in the rate group was for ␤-blockers (56%), digoxin (40%), and/or calciumchannel blockers (30%). The most common initial rhythm control prescriptions included amiodarone (51%) and sotalol (24%) (eTable 4 reports all drug combinations). During follow-up, 3463 patients in the rhythm control group (54.1%) and 2210 in the rate control group (11.2%) switched at least once to the alternative treatment. The median time to switch was 108 days in the rhythm vs 124 days in the rate control group (interquartile range [IQR], 33-448 vs 48-446). The median time between the last prescription and the end of follow-up was 18 days in the rhythm control group and 19 days in the rate control group (IQR, 6-46 vs 6-54).
BASELINE CHARACTERISTICS
Distributions of cardiac and noncardiac comorbidities were similar in the 2 treatment groups. Yet, rhythm control patients were younger and more likely to have a primary AF diagnosis at admission and to undergo AF-related procedures during the index hospitalization (Table) .
ALL-CAUSE MORTALITY
The mean (SD) follow-up times were 3.1 (2.3) years (maximum, 9.0 years) for all patients and 3.6 (2.5) and 3.0 (2.3) in the rhythm control and rate control groups, respectively. During follow-up, 12 632 patients (48.3%) died with 3034 (47.4%) in the rhythm control group and 9879 (50.1%) in the rate control group. The number of deaths in each 1-year interval and the number of patients at risk at the end of each 1-year interval are presented in Figure 3 . For the purpose of comparison with the AFFIRM trial 14 we also report crude rates for mortality (45.3%) after 5 years of follow-up (41.7% in the rhythm control group and 46.3% in the rate control group). The weighted standardized survival curves suggest no difference in mortality between the 2 treatment regimens in the first 4 years after treatment initiation but diverge later, with the rhythm control group having lower long-term risk (Figure 3) .
The multivariable Cox regression, adjusted for the propensity score based on all potential confounders, showed a short-term increase in mortality for rhythm control patients in the 6 months following the treatment initiation, followed by a 3-year period with similar mortality in the 2 groups, and a steady decrease in the mortality of rhythm control patients after the fifth-year posttreatment initiation (Figure 4) . The estimates at selected points in time are (1) HR, 1.07 (95% CI, 1.01-1.14) at 6 months; (2) Figure 4 ). In adjusted analyses in which we assumed a priori proportionality of hazards and censored the data at 5 years, similar to the AFFIRM 14 main analyses, we found no difference in mortality between the 2 groups (HR, 1.00; 95% CI, 0.96-1.05). However, when we restricted our sample to patients who survived more than 5 years and reset the follow-up time to zero at year 5, the proportionality of hazards assumption held and the mortality was lower in the rhythm control group (HR, 0.88; 95% CI, 0.78-1.00). All results were robust to different methods of confounding control, including covariate adjustment and propensity score matching (eTable 5). Interestingly, the analysis was replicated in a study sample that did not exclude previous users of AF drugs, and, similar to the AFFIRM trial, the results did not change substantially: HR, 0.98 (95% CI, 0.95-1.01) and HR, 0.81 (95% CI, 0.75-0.87) at 1 and 8 years, respectively, after treatment initiation.
In the analyses that accounted for treatment crossovers by modeling the "current treatment," the longterm mortality reduction was even stronger for patients who initiated and maintained rhythm control therapy relative to those who initiated and maintained rate control therapy: (1) HR, 1.01; 95% CI, 0.95-1.07; (2) HR, 0.76; 95% CI, 0.68-0.85; and HR, 0.61 (95% CI, 0.50-0.75) at 1, 5, and 8 years after treatment initiation (eTable 6). The interaction between CHF and the initial treatment tested in a model that assumed a linear time-dependent effect of treatment adjusted for covariates was not statistically significant (P = .20).
COMMENT
We assessed, in a large population-based study, the comparative effectiveness of initiating rhythm vs rate control drug therapy in reducing mortality in patients with AF. We found that with increasing follow-up time the mortality among the patients who newly initiated rhythm control therapy gradually decreased relative to those who initiated rate control drugs, reaching 23% reduction after 8 years of follow-up.
The recent trials comparing rhythm control vs rate control drug therapy 16 concluded that there are no differences in mortality between the 2 treatment strategies. 14 In contrast, our observational results in a populationbased sample of hospitalized patients with AF suggest that a strategy of rhythm control is associated with lower longterm mortality. Interestingly, secondary analyses of the AFFIRM trial for cause-specific mortality and with timedependent "on-treatment" analyses also found that rhythm control may offer a significant advantage over rate control if rhythm control can be safely achieved. [26] [27] [28] There are several factors that could explain differences in results between randomized trials and observational studies, 29, 30 and they are crucial in interpreting our results relative to those of the AFFIRM trial.
14 Generally, patients who participate in trials are not representative of the risk profiles and adherence of patients in the general population, 31, 32 which may lead to different treatment estimates when the treatment effect is modified by the baseline risk of the patients. 30, 33 Indeed, the AF clinical trials 14, 16 included mainly male patients with fewer comorbidities, whereas our population included more female patients with more cardiac comorbidities (eg, almost one-third of our patients had CHF compared with approximately 8% in the AFFIRM trial).
14 However, even the AF-CHF trial 15 population is more similar in age-sex and comorbidity distribution to the AFFIRM trial than to our population. The extent to which the treatment effect may vary as a function of these characteristics or other, unmeasured, is not known and remains to be determined. Further studies should be designed specifically to explore the hypothesis that the effect of rhythm vs rate control varies by the baseline risk of the patient. 33 Differences in therapeutic regimens could also explain the discrepancy between the results of this observational study and the clinical trials. In our study, 56% of rate control patients were prescribed ␤-blockers vs 47% Abbreviations: AF, atrial fibrillation; CHADS 2 , a clinical prediction rule for estimating the risk of stroke in patients with AF that scores each of the following, when present, risk factors for stroke: Congestive heart failure, Hypertension, Age 75 [years] or older, Diabetes mellitus, and previous Stroke/TIA (the subscript 2 indicates that previous stroke/TIA [transient ischemic attack] contributes 2 points to the score, rather than 1 point, like the other 4 risk factors); IQR, interquartile range; OR, odds ratio. Measurement details for all covariates can be found in the eMethods.
a Model Pr [Rhythm =1] indicates that the age-and sex-adjusted ORs are reported from a logistic regression model that models the probability that the patient is prescribed rhythm control drugs (rhythm =1).
b Comorbidities were measured in the year before and during the index AF hospitalization. c The ORs are reported per 100 increase in hospital volume. d The ORs are reported per 1-day increase in the length of stay. e In thousands of Canadian dollars (OR reported per $10 000 increase in median income in the area of residence).
in the AFFIRM trial, 14 and 51% of rhythm control patients vs 37.5% 14 in AFFIRM were prescribed amiodarone. Similarly, warfarin was less frequently used by the patients in our study (54.4% vs Ͼ85% 14 in the rate control group and 60.1% vs 70% 14 in the rhythm control group). It is important to note that the guidelines for warfarin use changed during the study period in response to the results of the AFFIRM trial. Finally, the crossover rates in our study were higher than the ones observed in the AFFIRM trial, 14 especially for those who initiated rhythm control treatment (54.1% vs 37.5% 14 ) , confirming that the selection of patients for treatment is often different in real-life than in the setting of a clinical trial. If the main reasons for switching from rhythm to rate control therapy are the inability to maintain sinus rhythm and drug toxic effects, 14 some of the crossovers from rhythm to rate control drugs could be avoided by developing new antiarrhythmic drugs with fewer adverse effects 28 or by using alternative methods of achieving sinus rhythm, such as ablation (which was shown in previous studies to more effective than current medications at maintaining sinus rhythm [34] [35] [36] ). Differences in outcomes could not explain our results because we used outcomes similar to the ones studied in the AFFIRM trial.
14 While the death rate in our population is almost double than that reported in the AFFIRM trial (49.5% of patients died during 9 years of follow-up vs 16% during 5 years of follow-up), 14 the difference is largely explained by the fact that our study population is almost 10 years older, on average, than the study population of the AFFIRM trial (mean age, 79 years vs 70 years). This difference is consistent with mortality statistics in the general population of Quebec, which indicate that a 10-year difference in age among seniors is associated with more than doubling the mortality rate. 37 Thus, the higher crude mortality rates in our study vs the AFFIRM trial 14 may merely reflect the fact that the patients in observational studies are older and sicker than those from clinical trials. 32 Some differences in the length of follow-up and analysis type that explain the differences observed between our results and the AFFIRM trial 14 can be shown empiri- Figure 3 . Weighted survival of patients with atrial fibrillation (AF) on rhythm vs rate control treatment. The weighted survival curves were weighted by inverse probabilities of treatment that are equivalent to the standardization of the survival curves to the whole study population. 20 The deaths in the footnote are counted in the preceding 1-year interval. The number of patients at risk in the footnote are counted at the end of each 1-year interval. . Effect of rhythm vs rate control therapy on mortality. Point estimates and 95% CIs can be reported at selected time points during the follow-up. The adjusted hazard ratio (HR) at a corresponding point in time quantifies the relative risks of immediate death, for rhythm vs rate control drugs, among patients who were followed until that time (ie, had not died and were not censored until that time). AF indicates atrial fibrillation.
cally. Indeed, in sensitivity analyses in which we mimicked even closer the AFFIRM trial 14 by assuming proportionality of hazards and censoring the follow-up at 5 years, we found estimates that were very similar to those of the AFFIRM trial, but a significant reduction in rhythm control patients was observed among those who survived to 5 years (eTable 5). While there is a theoretical possibility that some unknown factor(s) predispose(s) people to both increased long-term survival and higher likelihood of being prescribed (and continuing to use) rhythm control treatment, this remains a nontestable hypothesis. Indeed, sensitivity analyses in which we compared patients who survived to 5 years with the baseline population revealed no differences in the clinical characteristics of "survivors" who were originally treated with rhythm vs rate control drugs (eTable 7). This suggests that at least part of the differences in estimates between AFFIRM and our observational study is due to the fact that we had longer follow-up and that we used a more flexible analysis that accounted for statistically significant violations of the proportionality of hazards assumption. The late mortality reduction for rhythm control patients vs rate control patients could occur if the rhythm control drugs reduce long-term morbidity and mortality by potentially preventing the progression of disease toward more persistent or permanent forms of AF and the long-term risk for embolic stroke. However, this conjecture and the corresponding hypothesis-generating findings of our time-dependent analyses should be confirmed in an independent study. Nevertheless, the major limitation of observational studies is the ability to control for confounding because randomization remains the gold standard for confounding control in any epidemiologic study. To limit the potential for confounding, we used several strategies. We restricted our sample to incident cases without reversible underlying causes of AF, we adjusted in the analyses for a large number of potential confounders, and we conducted bias analyses (eMethods) that suggest that it is very unlikely that unobserved confounding could nullify our estimates.
In addition, the generabilizability of our results could be affected by the restrictions we imposed on the study population. Specifically, to ensure that all eligible patients have complete drug coverage during the study period and that all study patients are individuals newly diagnosed as having AF who initiated rhythm or rate control drug therapy, we included only patients 66 years or older who were hospitalized with a primary or secondary diagnosis of AF. Still, within these restrictions, our study sample is an easily identifiable group of patients that is representative for the whole province of Quebec. Furthermore, this group is likely to represent most patients in the population newly diagnosed as having AF because estimates from another Canadian province show that 81.0% of patients with AF were first diagnosed during a hospitalization or in the emergency department (51.8% and 19.2%, respectively). 38 Notwithstanding these limitations, this large, observational, population-based study with long-term follow-up suggests that rhythm control therapy is similar to rate control therapy in the first 4 years after treatment initiation but may be more effective than rate control therapy long-term. The risk reduction associated with rhythm control therapy was even more pronounced among the subset of patients who maintained their initial treatment over longer periods of time, suggesting that the use of rhythm control therapy may be beneficial for patients with AF in whom antiarrhythmic drugs are effective and well tolerated. The results suggest that the development of antiarrhythmic drugs with fewer adverse effects but retained or improved efficacy may result in important gains in the survival of patients with AF. For the first 4 years after treatment initiation, our results in a population-based sample are similar to the results from the recent clinical trials. 14, 16 In addition, we found a tendency toward a long-term protective effect for rhythm control drugs. The long-term benefits of rhythm control drugs in AF found in this study need to be assessed in future studies.
